The prevalence of fungal rhinosinusitis has increased worldwide over the last two decades. Fungal rhinosinusitis includes a wide variety of infections, from relatively innocent to rapidly fatal processes. Fungal infection may be one of the most challenging forms of sinonasal pathology to manage, especially the invasive forms, which have high mortality rates. Therefore, it is essential to correctly diagnose and classify fungal disease of paranasal sinuses in order to accurately predict prognosis and implement effective therapy. This essay describes the different manifestations of fungal sinusitis on computed tomography and magnetic resonance imaging to optimize differentiation, and includes correlation with the pathologic classifications.
F
ungal disease of the paranasal sinuses (FDPNS) is a relatively uncommon entity. The disease is broadly categorized into either invasive or noninvasive forms, and subdivided into five distinct entities. Invasive fungal sinusitis can be categorized as acute or chronic invasive and chronic granulomatous forms, and noninvasive fungal sinusitis includes allergic fungal sinusitis and fungus ball.
Preoperative suspicion of FDPNS is often helpful in prompting the surgeon to obtain appropriate tissue during surgery and alerting the pathologist prior to histopathologic processing for proper identification of fungi. Cross-sectional imaging features along with clinical presentation are critical for early diagnosis, prognosis, and appropriate treatment. In this essay, we discuss the categories of FDPNS and their imaging features.
Clinical and imaging findings Acute invasive fungal sinusitis
Acute invasive FDPNS is defined as a fulminant fungal infection less than four weeks in duration, usually in an immunocompromised setting (1) . The infection results from a rapid spread of fungi from the paranasal sinuses to the adjacent orbits and central nervous system, followed by vessel wall invasion, resulting in vascular thrombosis and resultant arterial and/or venous ischemia (2) (3) (4) (5) (6) . Spread from the paranasal sinuses can occur through direct invasion or hematogenous spread. Acute invasive fungal sinusitis is common in immunocompromised and diabetic patients, although it has also been rarely reported in immunocompetent individuals (1, 2) . A high index of suspicion and early diagnosis are critical, especially in individuals who are immunocompromised.
Noncontrast computed tomography (CT) scan of the paranasal sinuses reveals hypoattenuating mucosal thickening or intrasinus and/or intranasal soft tissue attenuation, associated with osseous erosion. Early changes cannot be differentiated from a nonspecific sinusitis (Fig. 1) . The nasal cavity (middle turbinate) is often the primary site of infection (Figs. 2 and 3 ). There is a predilection for unilateral involvement of the ethmoid and sphenoid sinuses.
Aggressive osseous destruction is followed by intracranial, cavernous sinus (Fig. 4) , and intraorbital extension. The fungi can extend via perivascular channels beyond the paranasal sinuses with intact bony walls. Therefore, bone erosion and mucosal thickening may sometimes be very subtle and appear insignificant.
Obliteration of the normal fat density within the periantral regions suggests soft tissue extension of FDPNS and may be the earliest sign of extrasinus involvement. CT is the tool of choice for the detection of os-seous erosion. Complications such as vascular occlusions with infarcts and cerebritis (Figs. 5 and 6), leptomeningeal involvement, intracranial granulomas (characteristically hypointense on T1-and T2-weighted images) (Fig. 7) , and pseudoaneurysms are better depicted on magnetic resonance imaging (MRI) (3, 5, 7) .
Chronic invasive FDPNS
The chronic invasive form is a slowly progressive fungal infection with a time course longer than 12 weeks (1, 4) . Affected patients are usually immunocompetent, but those receiving corticosteroid therapy or with diabetes mellitus or AIDS are also susceptible. Patients present with symptoms of chronic sinusitis, but focal neurological deficits, facial soft tissue swelling, or ocular symptoms may be the initial presentation. Prominent or slightly hyperdense soft tissue in the paranasal sinus with associated sinus wall erosion is commonly seen on CT. This may have the appearance of an aggressive sinus mass (Figs. 8 and 9 ). Paranasal sinus walls may show mottled lucencies or irregular bone destruction (5) . There is decreased signal intensity on T1-weighted images and markedly decreased signal intensity on T2-weighted images (Figs. 8 and 9) (3). Infiltration of the periantral soft tissues about Chronic invasive FDPNS has a tendency to invade adjacent structures, such as the orbit, cavernous sinus, and anterior cranial fossa. This may result in epidural abscess, parenchymal cerebritis or abscess, meningitis, cavernous sinus thrombosis, osteomyelitis, mycotic aneurysm, or stroke. Differentiation between chronic invasive FDPNS and sinonasal malignancies may not be possible based on imaging findings (3, 8) .
Chronic invasive granulomatous FDPNS
This condition is a slowly progressive form of fungal infection characterized by a chronic granulomatous process with a time course of longer than 12 weeks, which is similar clinically and radiographically to chronic invasive FDPNS (1-4) . The disease has been reported almost exclusively in immunocompetent patients from North Africa and Southeast Asia with a history of chronic sinusitis, with only scattered reports from the USA. Patients present with symptoms of 
Allergic FDPNS
This disease is the most common form of FDPNS, and it is believed that fungal allergens evoke immune-mediated mucosal inflammation in an atopic host. Sinonasal inflammation in combination with viscous allergic mucin effectively obstructs the normal drainage pathway (1). The disorder usually occurs in young immunocompetent patients who present with chronic sinusitis and a history of previous sinus surgery (3). Pansinusitis and nasal involvement are common. The imaging findings typically include involvement of multiple paranasal sinuses bilaterally with intrasinus hyperattenuating material on noncontrast CT (Figs. 10 and 11) . Expansion of the involved sinuses and remodeling and thinning of the bony sinus walls are common findings, with bone erosion and unilateral involvement rarely seen (3). On MRI, very low T2 signal intensity is seen due to high concentrations of various metals concentrated by the fungal organisms, as well as high protein and low water-free content of the allergic mucin. Although T1 intensity is variable and low signal intensity can also be observed, high signal intensity or mixed low, intermediate, and high signal intensity is frequently observed in allergic fungal sinusitis (3).
Fungus ball
Fungus ball, previously called mycetoma, is described as the presence of a noninvasive, dense conglomeration of fungal hyphae usually in a single sinus cavity (1) . The disease tends to occur in older immunocompetent individuals. Patients are usually asymptomatic, although they may present with mild pressure sensation involving one of the paranasal sinuses, nasal discharge, and cacosmia (3). There is circumferential mucosal enhancement that is mildly thickened.
b a c
Noncontrast CT reveals a hyperattenuating mass within the involved sinus, with occasional intralesional calcifications (Figs. 12 and 13 ). Surrounding circumferential hypoattenuating mucosal thickening is usually present, and there may be reactive osteitis indicating chronic sinusitis (Fig.  12) . The bony margins of the involved sinus are usually intact. MRI shows intermediate T1 and markedly hypointense T2 signal.
Conclusion
Classification of FDPNS into invasive or noninvasive forms is important to guide treatment and determine prognosis. Sinus expansion, smooth sinus wall thinning, intrasinus hyperattenuation on CT and hypointense signal on T2-weighted MRI in an atopic individual should raise suspicion of allergic FDPNS.
A hyperattenuating mass within an opacified single sinus in a nonatopic immuncompetent patient is consistent with fungus ball. Obliteration of the normal fat density within the periantral regions, osseous erosion, orbital, cavernous sinus and/or brain involvement in an immunocompromised individual should alert the radiologist to the possibility of invasive FDPNS. It should be kept in mind that the initial stages of infection might not reveal any suggestive imaging signs.
In conclusion, the radiologist should be aware of the various subtypes of FDPNS and their particular imaging features. We propose noncontrast CT imaging when either invasive or non invasive fungal infection is suspected. If spreading beyond the paranasal sinuses is suspected, MRI should be employed. 
